In the last decades, prostate cancer (PC) has become one of the most common cancers in Europe and in the United States [1] . At the same time, hormone therapy (HT), alongside surgery and external beam radiotherapy (RT), is the most common method used for PC therapy [2] . It is to be stressed that patients with unfavourable prognostic factors characterising PC as cancer with an intermediate or high risk of progression are predominantly treated with HT combined with RT [3, 4] . According to the data from the CaP-SURE database, the rate of using neoadjuvant HT in combination with RT increased from 9.8% in 1989-1992 to 74.6% in 1999-2001, and in the group of a high risk of progression from 15.3% in 1989-1999 to 89.5% in 1999-2001 [5] . The report by Shanini also indicates that in recent years, a continuous increase in use of HT in patients with those stages of PC was observed [6] . These data confirm the significance of HT in the treatment of PC.
Prostate cancer cells are androgen-dependent. This was already discovered in 1941 by Huggins and Hodges [7] . Having penetrated into the neoplastic cell, testosterone is converted to the more potent form known as dihydrotestosterone. Both compounds show affinity for the androgen receptor located in the cytoplasm. Together, they build a complex which after being translocated into the nucleus binds to specific DNA sequences responsible for growth, proliferation and metabolism of cancer cells. The aim of hormonal therapy for PC is to obtain the lowest possible androgen concentration in the blood via suppression of the hypothalamic-pituitary-gonadal axis (LHRH analogues) and/or inhibition of androgen receptors by testosterone-competitive and dihydrotestosterone-competitive agents (antiandrogens).
The idea of combining HT with RT was based on earlier experience with neoadjuvant HR used prior to radical prostatectomy [8] . Combination of surgery and neoadjuvant HT, however, did not translate into significant survival improvements; therefore, neoadjuvant HT as a treatment option was abandoned. However, a positive effect of HT on pathological parameters was observed such as reduction in prostate volume including both cancerous and non-cancerous tissue, as well as a decrease in the rate of positive surgical margins [9] .
One argument for neoadjuvant HT combined with RT stems from studies that showed a decrease in prostate volume, which leads to reduction in the volume of healthy tissues exposed to radiation.
The first attempts to combine HT with RT were made using animal models. Results of the study by Zietman proved that combination therapy provided a significant improvement in the efficacy of RT [10] . The study was carried out in vivo using the Shinogi murine model (with implanted prostate adenocarcinoma) which was subjected to surgical castration, and then to RT. Results for combination therapy were compared to the control group of patients who were subjected only to RT. The study proved that HT allows for a significant reduction of RT dose needed to destroy 50% of the tumour volume (TCD50 -the dose required for 50% tumour control), while the greatest efficacy was observed when HT was used prior to a series of exposures to radiation (neoadjuvant therapy). The summary states that a significant role is played by the point in time when HT is initiated (neoadjuvant therapy gave better results when compared to adjuvant therapy or concomitant RT). In another study using a Dunning rat PC model, Kaminski et al. compared the efficacy of RT in combination with the following HT regimens: 1) HT used 14 days prior to RT; 2) HT during RT; 3) HT used 14 days after RT [11] . The most beneficial therapeutic effect was achieved in the case of the first method (RT + neoadjuvant HT), which confirmed the results of the previous study.
One of the significant mechanisms responsible for improvement in the efficacy of combination treatment is increased oxygenation of PC cells. Hypoxia stimulates cancer cells to produce vascular endothelial growth factor (VEGF), which is responsible for tumour vascular angiogenesis [12] . Hormone therapy may have a suppressive effect on VEGF, thus reducing the process of pathological neovascularisation. As a result, HT improves cellular oxygenation, which, in turn, increases the sensitivity of neoplastic cells to RT [13] . The effect of HT on reduction of tumour volume (reduction in the number of cancer cells) is also significant and improves oxygenation of the cells that remain in the tumour [14] . This also helps to reduce the volume of healthy tissues exposed to radiation, thus reducing the adverse effects of RT [15] .
Another effect of HT is its ability to induce apoptosis in cancer cells [16] . Due to this, HT eliminates cell clones which could possibly be resistant to RT. Currently, it is not known whether this is the effect of HT alone or it may be a synergistic effect of combination with RT.
Hormone therapy may also play a potential role as systemic treatment leading to apoptosis of cells producing micrometastases that cannot be targeted with RT. One possible effect of HT is as a "trigger" factor to stimulate the immunological system to fight cancer [17] .
A significant prognostic parameter which may have an effect on treatment results in patients with PC when using RT is the nadir prostate-specific antigen (PSA) achieved as a result of neoadjuvant HT. The recently published retrospective study by Zefelsky analysed this problem [18] . The study involved 1,045 patients with localised PC who were treated with neoadjuvant HT (3 months) and subsequently with RT with concomitant HT (2-3 months). Patients who achieved a nadir PSA level of 0.3 ng/ml prior to RT showed improved results. The 10-year risk of death due to RS was lower in the group of patients who achieved nadir PSA values of ≤ 0.3 ng/ml: 7.8% vs 13.7% in patients with nadir PSA levels > 0.3 ng/ml. Similarly, the 10-year risk of biochemical recurrence in patients with PSA levels ≤ 0.3 ng/ml prior to RT was 74.3% vs. 57.7% (p < 0.001) for those with levels > 0.3 ng/ml, whereas the 10-year risk of distant metastases was 86.1% vs. 78.6% in respective groups (p < 0.004). The results confirm that low values of PSA prior to RT and after completion of neoadjuvant HT have a beneficial effect on the risk of death due to PC, reduction in distant metastases and possible biochemical recurrence.
Reductions in testosterone levels with HT may have an effect on treatment outcomes [19] . This hypothesis is being tested in metastatic PC, where the current target blood testosterone level < 50 ng/dl is considered to be too high and the adoption of a new, lower cut-off point of 20 ng/dl is proposed. The retrospective analysis evaluating the efficacy of the LHRH analogue triptorelin administered every 3 months to patients with metastatic PC showed that it led to a lower castration testosterone level (< 20 ng/dl) in 95% of patients after 6 months of therapy [20] .
Intermediate/high-risk patient group
In this group of PC patients, treatment outcomes with RT monotherapy are satisfactory, but further improvements in efficacy could be achieved. One possible way is by using combination therapy: HT + RT. In the DFCI 95096 study (Dana-Farber Cancer Institute), patients were randomly assigned to two study arms: RT 70 Gy alone or RT 70 Gy combined with 6-month HT (2 months of neoadjuvant HT + 2 months of concomitant HT + 2 months of adjuvant HT) [21] . The study involved patients with PC in stage T1b-2bN0M0 and with at least one unfavourable prognostic factor (PSA 10 ng/ml max. 40 ng/ml, Gleason score > 7 or seminal vesicle infiltration or extracapsular infiltration confirmed in an MRI examination). After an 8-year follow-up, a significant improvement in the overall survival was observed in the group treated with combination therapy (RT + HT) when compared to the group treated with RT alone (74% vs. 61%; log rank p = 0.01). In the reanalysis of the study, the impact of concomitant diseases on treatment results was also taken into account (ACE-27 index). It was found that combination therapy improves the survival rate both in the group with an intermediate risk of progression and in the group with a high risk of progression without concomitant diseases or with minimal concomitant additional medical conditions. However, in patients affected by numerous additional medical conditions, HT may not lead to any significant improvement in the survival of these patients [22] .
In another important study, TROG 9601 (Trans Tasman Radiation Oncology Group), RT alone was compared to RT combined with 3 months of HT (initiated 2 months before RT) and to RT combined with 6 months of HT (initiated 5 months before RT) [23] . The study covered PC patients with stage T2b-T4 N0M0, of whom about 20% had an intermediate risk of progression. After a 10-year follow-up period, a significant reduction in the risk of biochemical progression and in the risk of local progression was observed in the group treated with combination therapy when compared to the group treated with RT alone [24] . Results were better after 6 months of HT in comparison to 3 months of HT. Furthermore, it was observed that the 6-month HT significantly reduced the risk of distant metastases (HR 0.49), mortality due to neoplastic disease (HR 0.49) and overall mortality (HR 0.63). These improvements were not achieved in the study group treated with the 3-month HT.
Another clinical study that deserves attention is RTOG 9408 (Radiation Therapy Oncology Group), evaluating the efficacy of 2 months of neoadjuvant HT and its further continuation for 2 months during RT [25] . Fifty four percent of patients participated in the study had an intermediate risk of progression, 35% had a low risk of progression, and 11% had a high risk of progression. The 10-year overall survival for all groups of patients who were treated with the 4-month HT prior to RT was 62% when compared to 57% (p = 0.03) in the case of RT alone. Neoadjuvant HT also reduced mortality due to PC from 8% to 4% (p = 0.001). The greatest benefit from combination therapy was achieved in the group of patients with an intermediate risk of progression (overall survival after 8 years: 72% vs. 66%; p = 0.03) and in the group with a high risk of progression (66% vs. 58%; p = 0.03). The improvement, however, was not observed in the group with a low risk of progression. Treatment-related complications were comparable in both study arms.
During the meeting of the American Society for Radiation Oncology (ASTRO) in 2013, results of the RTOG 9910 study which refer to the duration of neoadjuvant HT in patients with PC and an intermediate risk of progression were presented [26] . The randomised phase III study compared the efficacy of 8 weeks of neoadjuvant HT + RT with the present treatment regimen (28 weeks of neoadjuvant HT + RT). One thousand five hundered and eighty patients participated in the study, which lasted 10 years. Treatment results in both study arms were almost identical: 10-year overall survival 66% (8 weeks of HT) vs. 67% (28 weeks of HT) (HR, 0.95; p = 0.62), survival free from biochemical recurrence 24% vs. 23% (HR, 0.96; p = 0.47), locoregional recurrence 6% vs. 4% (p = 0.07). This study challenges the meaning of neoadjuvant HT lasting more than 28 weeks in the group of patients with an intermediate risk of progression.
High-risk patient group
In this group of patients, treatment outcomes remain poor and improvements are urgently needed. Recently, a few studies were carried out that unquestionably confirmed the efficacy of combination treatment (HT + RT) in the patient group with a high risk of progression. One of the first of these studies was RTOG 8531, which involved patients with stage cT3 or stage pT3 disease with possible metastases to the lymphatic system (N+/-) [23] . Hormone therapy was initiated in the last week of RT, and was subsequently continued up to progression or until HT could no longer be tolerated -without initial determination of its minimal or maximal duration. The recently published updated results of this study also deserve attention and refer to its long-term follow-up (10 years) [27] . They indicate benefits in the group of patients treated with combination therapy when compared to the group treated only with radiotherapy with regard to the overall survival (49% vs. 39%) (p = 0.002) and the specific survival for PC (16% vs. 22%; p = 0.0052).
Another study which analysed the aspect of HT combined with RT in the group of patients with a high risk of progression was RTOG 8610 performed by Roach et al. [28] . Four hundred and seventy-one patients with PC (T2-T4) and possible metastases to the regional lymph nodes were assigned to two study arms: 1) 2 months of neoadjuvant HT + 2 months of HT during RT or 2) RT alone. The regimen of radiotherapy was performed in the same way as in the case of the RTOG 8531 study. In the group of patients treated with combination therapy, improvement in locoregional control was demonstrated after a period of 5 years (25% vs. 36% in the arm treated with RT alone) and after a period of 8 years (37% vs. 49% in RT alone). The 10-year overall survival did not differ significantly (42.6% vs. 33.8%; p = 0.12); however, it was observed that in the group of patients with a Gleason score of 2-6, combination therapy significantly improved the overall survival (70% vs. 52%; p = 0.01). In patients with a Gleason score of 7-10, no improvement in overall survival or in locoregional control was observed.
The EORTC Group (European Organisation for Research and Treatment of Cancer) carried out two very important studies which compared the efficacy of HT in combination with RT to RT alone. The first study, EORTC 22863, involved mostly patients with a high risk of PC progression, who constituted 91% of all participants, and the remaining 9% of patients had an intermediate risk of progression [29] . A total of 415 patients were assigned to two treatment regimens: 1) RT or 2) RT combined with HT initiated on the day of radiotherapy and lasting 36 months. The results showed a significant benefit in the group treated with HT + RT with regard to the overall survival after 5 years, which was 78% vs. 62% (p = 0.001), while the overall survival after 10 years was 58% vs. 40% (p = 0.001). In the second study, EORTC 22961, evaluated a 6-month HT regimen with a 3-year HT regimen [30] . All patients were initially treated with 6-months of HT initiated on the day of RT. Patients were randomised to two arms: 1) follow-up (continued up to progression of disease) or 2) a further 2.5 years of HT. Radiotherapy was performed in the same way as in the EORTC 22863 study. Hormone therapy used for 36 months showed an improvement in results when compared to 6-month HT (5-year overall survival 85% vs. 81%, respectively). The results of both studies are a solid base for the current standard of care for patients with a high risk of progression, which recommends at least 3 years of HT combined with RT. Recently, results of the newest study, PCS IV, were published, which may contribute to the verification of using such a long-term HT regimen [31] . The PCS IV study involved 630 patients with a high risk of PC progression (T3-4N0, PSA > 20 ng/ml or Gleason score > 7), in whom 18 months or 36 months of HT combined with RT was used. The study did not show statistically significant differences in the overall survival after 5 years of follow-up (92.1% vs. 86.8%; p = 0.052) or after 10 years of follow-up (63.6% vs. 63.2%; p = 0.429). The authors of the study concluded that perhaps in the case of confirmation of these results, a decrease in the duration of HT might be possible. However, it should be stressed that clinical studies performed to date which are the basis for determination of the current standards of treatment indicate that long-term HT is still an unquestionable method of treatment when combined with RT.
Definition of the role of RT in patients with a high risk of progression requires a separate discussion. Despite a large number of recommendations related to PC treatment in patients with a high risk of progression indicating the superiority of combination therapy (RT + HT), HT as monotherapy has been used in a substantial number of patients [32, 33] . This is due to the lack of convincing results from clinical studies demonstrating that HT as monotherapy is less effective than combination therapy. The SPCG-7/SFUO randomised study carried out by Widmark and his team was one of the crucial trials analysing this problem. The authors compared combination therapy (RT + HT) with RT alone in a group of 977 patients (T1b -T3, N0). The study showed improvement in the overall survival and in the specific survival for PC patients treated with combination therapy [34, 35] . Another clinical study comparing the efficacy of HT to HT alone was carried out by Mottet in a group of 264 patients (cT3-4N0M0 or pT3N0M0) and showed that the 5-year survival of patients without biochemical progression according to the ASTRO definition was 60.9% in the case of combination therapy when compared to 8.5% when only HT was used (p < 0.0001) [36] . According to the Phoenix definition, the survival was 64.7% and 15.4% (p ≤ 0.0011), respectively. Improvement in the local efficacy (local failure rate 9.8% vs. 29.2%, p < 0.0001) and in the survival without distant metastases (3.0% vs. 10.8%, p < 0.018) was observed.
Summary
After the androgen-dependent nature of PC was discovered by Huggins and Hodges, HT became one of the crucial therapeutic interventions. The above-mentioned randomised phase III studies unequivocally confirm the superiority of combination therapy (HT + RT) over RT alone. Combination of these two approaches allows for the achievement of satisfactory results in patients with an intermediate and a high risk of progression. However, the significance of the true role of HT with escalating radiation dose, especially in patients with an intermediate risk of progression, is still unknown. Results of the most recent studies allow for the assumption that a decrease in the duration of HT without a reduction in treatment efficacy may be possible.
Hormone therapy with radiotherapy combination therapy is the treatment of choice for PC patients with a high risk of progression, as both RT alone and HT alone remain suboptimal. Current guidelines define the optimal duration of HT in combination with RT in these patients as up to 36 months (3-4 months of neoadjuvant HT and its further continuation during RT and after completion of RT up to a period of 36 months) [37] . In the group of patients with an intermediate risk of progression, combination therapy is also preferred, and HT should last from 4 to 6 months (2-3 months prior to RT and its further continuation during RT).
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